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Display unit 



The invention relates to a display unit, to a display device con:Q)rising a 
display unif^ and to a method for driving a display unit 

Exan:5)les of display devices of this type are: monitors, laptop computers, 
X>ersonal digital assistants (PDAs), mobile telephones and electronic books, electronic 
newsfpapers, and electronic magazmes. 



A prior art display unit is known from WO 99/53373, which discloses an 
electronic ink display comprising two substrates, with one of the substrates being transparmt 
and having a common electrode (also known as counter electrode) and with the other 
substrate being provided with pixel electrodes arranged in rows and columns. A crossing 
between a row and a column electrode is associated with a pixel. The pixel is formed 
between a part of the common electrode and a pixel electrode. The pixel electrode is coupled 
to the drain of a transistor, of which the source is coupled to the colvmm electrode or data 
electrode and of which the gate is coiq)led to the row electrode or selection electrode. This 
arrangement of pixels, transistors and row and column electrodes jointly forms an active 
matrix. A row driver (select driver) siq>plies a row driving signal or a selection signal jfor 
selecting a row of pixels and the colimm driver (data driver) supplies column driving signals 
or data signals to the selected row of pixels via the column electrodes and the transistors. The 
data signals correspond to data to be displayed, and fomi, together with the selection signal, a 
(part of a) driving signal for driving one or more pixels. 

Furthermore, an electronic ink is provided between the jrixel electrode and the 
common electrode provided on the transparent substrate. The electronic ink conqirises 
multiple nucroc^sules with a diameter of about 10 to SO microns. Each microcapsule 
coniprises positively charged white particles and negatively charged black particles 
suspended in a fluid When a positive voltage is applied to the pixel electrode, the white 
particles move to the side of the microc^sule directed to the transparent substrate, and the 
pixel b«x>mes visible to a viewer. Simultaneously, the black particles move to the pixel 
electrode at tiie opposite side of the microc^sule where they are hidden from the viewer. By 
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2 29.09.2003 
applying a negative voltage to the pixel electrode, the black particles move to the common 
electrode at Hie side of the nodcroc^sule directed to the transparent substrate, and the pixel 
appears dark to a viewer. Simnltaaeously, Hie white particles move to the pixel electrode at 
the opposite side of the miorocapsule where Hiey are hidden from the viewer. When the 
5 electric voltages are removed, the disfplay unit remains in the acquired state and exhibits a bi- 
stable character. 

To reduce the dependency of the optical response of the (electrophoretic) 
display unit on the history of the pixels, preset data signals are siq>plied before the data- 
dependent signals are siqyplied. These preset data signals comprise data pulses representing 

10 energies which are svifBcient to release the (electrophoretic) particles from a static state at 
one of the two electrode, bxit which are too low to allow the (electrophoretic) particles to 

iseachihe^atker one of the electro des. Because of the reduced dependency on the histor y of 

the pixels, the optical response to identical data will be substantially equal, re^rdless of the 
history of the pixels. The underlying mechanism can be e:^lained by the &ct that, after the 

IS display device is switohed to a predetermined state, for exaniple a black state, the 

(electrophoretic) particles come to a static state. When a subsequent switohing to the white 
state takes place, tiie momentum of the particles is low because their starting speed is close to 
zero. This results in ahigh dependency on the history of the pixels resulting in a long 
switohing time to overcome this high dependency. The application of the preset data signals 

20 increases the momentum of the (electrophoretic) particles and thus reduces the dependency 
resulting in a shorter switohing time. 

The time-interval required for driving all pixels in aH rows once (by driving 
each row one after the other and by driving all columns simultaneously once per row) is 
called a frame. Per frame, each data pulse for driving a pixel requires, per row, a row driving 

25 action for supplying the row driving signal (the selection signal) to the row for selecting 

(driving) tiiis row, and a column driving action for supplying the data pulse, like for example 
a data pulse of tiie preset data signals or a data pulse of the data-dependent signals, to the 
pixel. The latter is done for all pixels in a row simultaneously. 

When updating an image, firstiy anumber of data pulses of the preset data 

30 signals are supplied, further to be called preset data pulses. Each preset data pulse has a 
duration of one frame period. The first pr^et data pulse, for example, has a positive 
amplitude, the second cme a negative amplitude, and the third one a positive amplitode eto. 
Such preset data pulses with alternating amplitudes do not change the gray value displayed 
by the pixel. 
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During one or more subsequent frames, fhe data-dependeat signals are 
supplied, with a data-dependent signal having a duration of zero, one, two to for example 
fifteen fiame jieriods. Thereby, a data-dependent signal having a duration of zero fiame 
periods, for example, coiresponds with the pixel displaying fiill black assuming that the pixel 
S already displayed full black. In case the pixel displayed a certain gray value, this gray value 
remains unchanged when the pixel is driven with a datardependent signal having a duration 
of zero fiame periods, in other words when being driven with a driving data pulse having a 
zero anq)litude. A data-dependent signal having, for example, a duration of fifteen fiame 
periods comprises fifieen driving data pulses and results in the pixel disfplaying fiill white, 

10 and a data-dependent signal having a duration of one to fourteen fiwne periods, for exaniple, 
conqirises one to fourtera driving data pulses and results in the pixel displaying one of a 
limited number of gray values between full black and fidl white. 

Each fiame period requires the sequential selecting of each row and providing 
the data pulses for each pixel in a selected row. For a given fi:ame period, the number of rows 

IS and columns that can be driven is limited, due to the amount of time required to perform the* 
driving actions. These actions, for example, comprise the clocking of the data pulses into the . 
data driver, the reading out of these data pulses, the supply of these data pulses to the pixels, 
the charging of the pixels with these data pulses, and the sequential selections of rows by the 
select driver. The amount of time required for the clocking actions increases witii the number 

20 of colimms, and the amount of time required for the selection actions increases with the 
number of rows, and therefore, for the given fiame period, the number of rows/columns is 
limited. 

The known display unit is disadvantageous, inter alia, as within a given fiame 
period, a relatively small number of mws and columns can be driven. 

25 



It is an obj ect of the invention, inter alia, to provide a display unit, which, 
within a given fiame period, can drive a relatively large amount of rows and coluntos. 
A display unit according to the invention comprises 
30 - a display panel comprising bi-stable pixels; and 

- a drive unit for providing during a fiame period data signals to pixels in an active part of the 
display panel and for providing reference signals to pixels in an inactive part of the display 
panel. 
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By dividing the display panel into an active part and one or more inactive 
parts, and by providing data signals to only those pixels located in the active part, most of an 
amount of time available in a fiame period is used for the active part A relatively small 
amount of the time available in a frame period is used for simultaneously supplying the 
5 reference signals to those inxels located outside the active part As a result^ tiie active part is 
now limited in the nunlber of rows and columns by the given fiame period, and the display 
panel as a whole can have a larger amount of rows and columns, without needing row or 
column drivers with an increased number of outputs. In case of tiie display panel being 
divided into two (three, four ect) parts, the display panel can have about twice (thrice, four 
10 times etc.) as many rows and columns. Further, in case of a color display, one or more blocks 
may be red blocks, one or more blocks may be blue blocks, and one or more blocks may be 

g reen blocks. T he invCTition may b e appli ed to any type of display unit having bi-stable 

pixels, such as, for example, an electrophoretic display. 

An embodiment of a display unit according to the invention is (tefined by, in a 
IS first fiame, a first part being an active part and a second part being an inactive par^ and, ina 
second frame, the second part being an active part and the first part being an inactive i>art In 
tins case, respective parts are made active during respective fiame periods advantageously. 
This embodimmt also coniprises the situation tha^ in a number of first fiames, a first part is 
an active part and a second part is an inactive part, and, in a number of second fiames, the 
20 second part is an active part and the first part is an inactive parl^ etc. 

An embodiment of a display unit according to the invention is defined by the 
reference signals having a voltage level situated between extreme voltage amplitudes of the 
data signals. The data signals for example have extreme voltage values of +15 Volt and -15 
Volt, with the reference signals for example having a voltage level of 0 Volt or a few Volts 
25 equal to a voltage amplitude of the common electrode. Altematively, the reference signals 
may have a voltage an:Q>litude of a few Volts added to or subtract^ fix>m the voltage 
. anoplitude of the coomion electrode. 

An embodiment of a dissplay unit according to the invention is defined by a 
part comprising a groiq) of columns. Because of the data pulses being clocked sequentially 
30 into the data driver i>er for example one, two or fi>ur columns simultaneously, this clocking 
requires a relatively large amount of time, which makes the dividing of the display panel into 
groi^s of columns advantageous. Further, tiiis allows to drive more columns than the number 
of outputs of the data driver(s). 
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In case of four column blocks bemg used, the columns in fhe blocks could be 
distributed as follows. A first column is part of a first block, a second column is part of a 
second block, a third column is part of a third block; a fourth column is part of a fourth block, 
etc. The image update can then be as follows: first only the video signals of the first column 
5 block are transferred to the display panel. These video signals are transforred to all columns 
in all colximns blocks. This means that the first, second, third and fourth colinnn receive the 
video signals of the first column, a fiflh, sixth, seventh and eighth column receive the video 
signals of fhe fiflh column, etc. The result is that the complete display panel is refireshed, but 
only with the video signals of the first column block. Next, the video signals of the second 

1 0 column block are transferred to the display panel. These video signals are transfened to all 
columns in the second, third and fourth columns block. This means that the second, third and 
fourth column receive the video signals of the second column, the sixth, seventh and eighth 
column receive the video signals of the sixth column, etc. The result is that all pixels in the 
first and second column blocks have their correct switching state, while the pixels in the third 

15 and fourth column blocks have the same switching state as the pixels in the second column 
block. This can be repeated for the video signals of flie third colimm block for the third and 
fourth column blocks and then finally the fourth column block is iipdated with its own video 
signals. Without fliis update method part of the old image is always present while the new 
image is addressed. Only when all four column blocks have been addressed the user can see 

20 the new infonnatioiL With the method described above the xiser can see the image coarse 
grained first (only the information of the first column block is visible), while later the other 
information is added. 

An embodiment of a display unit according to the invention is defined by the 
drive unit comprising data drrvmg drcuitiy for sillying the data signals to the pixels and 

25 multiplexing circuitry for coupling the data driving circuitry via switching elements to the 

pixels in the active part of the display panel and for supplying reference signals via switching 
elements to the pixels in the inactive part of the display panel. The multiplexing circuitry like 
for example a multiplexer couples a first number of ou^uts of the data driving dicuitry like 
for exanople a data driver to a second nunober of interconnections of the display panel. The 

30 second number of interconnections of the display panel comprises a first number of 

interconnections for receiving the data signals firom the first number of outputs of the data 
driver, and all other interconnections receive the reference signals. This second number of 
interconnections is for example equal to the nimiber of columns, which can now be much 
larger than the first number. As aresult, tiie data driver no longer needs to have anumber of 
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outputs equal to the number of columns, but can be made smaller advantageously. Further, 
this is a simple way to use most of the amount of time available in a frame period for the 
active part, and to use a relatively small amount of the time available in a frame period for 
siqyplying the re&rence signals. 
5 An embodiment of a display unit according to the invention is defined by the 

multiplexing circuitry being located on the display panel. This is for example done by 
integrating the multiplexing circuitry into the display panel (front or back side), which 
advantageously reduces tiie mmiber of connections between the display panel and the data 
driver(s)- This results in an increased reliability, 

10 An embodiment of a display unit according to the invention is defined by a 

part comprising a group of rows. Because of the select driver selecting the rows sequentially, 

wi th the driving of each row requiri ng the sequentia l clocking of the data pulses into the data 

driver per for example one, two or four columns simultaneously, tiiis driving of a single row 
requires a relatively large amount of time, which makes the dividing of the display panel into 

15 groiq>s of rows advantageous. 

In case of four row blocks being used, the rows in the blocks could be 
distributed as follows. A first row is part of a first block, a second row is part of a second 
block, a third row is part of a third block, a fourth row is part of a fourth block, etc. The 
image update can then be done as described before for the column blocks. Further, 

20 coxnbinations of column blocks and row blocks are possible. 

An embodiment of a display unit according to the invention is defined by the 
drive unit comprising selection driving circuitry for selecting switching elements coupled to 
the pixels, the selection driving circuitry comprising shift register circuitry for sequentially 
selecting groups of switching elements, wherein first groiq>s of switching elements are 

25 located in the active part of the display panel and a second group of switehing elements is 
located in the inactive part of the display panel. The selection driving circuitry like for 
example a select driver comprises shift register circuitry like for example a shift register to 
advantageously select sequentially first groiqps of switohing elements situated in the active 
part of the display panel and to select subsequentiy the second group of switohing elements 

30 situated in the inactive part of the display panel. Usually, the second group will be larger than 
rach one of the first groups and may even be larger than the collection of first groups. 

An embodiment of a display unit according to the invention is defined by the 
first gn)iq)s of switohing elements being rows in the active part of the display panel, and the 
second group of switching elements comprises all other rows of the display panel to be 
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selected by tfie shift register circuitry simultaneously. By sequentially selecting a number of 
rows in the active part of the disfplay panel for providing the data signals and subsequently 
selectmg all other rows in the inactive part of the display panel for providing the reference 
signals, a simple embodiment has been created to use most of the amount of time available in 
5 a fi:ame period for the active part, and to use a relatively small amoimt of the time available 
in a frame period for si9)plying the reference signals. 

An embodiment of a display unit according to the invention is defbaed by the 
shift register circuitry being located on tiie display panel. This is for exan5>le done by 
integrating the shift register circuitry into the display panel (fiont or back side), which 

1 0 advantageously reduces the number of connections between liie display panel and the rest of 
the display unit. This r^ndts in an increased reliability. 

An embodiment of a display unit according to the invention is defined by the 
drive unit conQuising selection driving circuitry, and multiplexing circuitry for coupling the 
selection driving circuitry to switching elements for sequentially selecting groups of 

1 S switehing elements, wherein first groups of switehing elements are located in the active part 
of the display panel and a second group of switching elements is located in the inactive part 
of the display panel. The multiplexing circuitry like for exan^le a multiplexer couples a first 
number of outputs of the selection driving circuitry like for example a row driver to a second 
number of intercoimections of the display panel, etc. as described before. 

20 An embodiment of a display unit according to the invention is defined by the 

multiplexing circuitry being located on the disfplay panel. This is for example done by 
integrating the multiplexing circuitry into the display panel (fi-ont or back side), which 
advantageously reduces the number of connections between the display panel and the row 
driver(s). This results in an increased reliability. 

25 An embodiment of a display unit according to the invention is defined by the 

drive unit comprising a controller which is adapted to provide Shaking data pulses, one or 
more reset data pulses, and one or more driving data pulses to the pixels. The sJiakmg data 
pulses for exan:q)le correspond with the preset data pulses discussed before. The reset data 
pulses precede the driving data pulses to fintfaer inqirove the optical response of the display 

30 unit, by defining a fixed starting point (fixed black or fixed white) for the driving data pulse. 
Alternatively, the reset data pulses precede the driving data pulses to further in5)rove the 
optical response of the display unit, by defining a flexible starting point (black or white, to be 
selected in dependence of and closest to the gray value to be defined by the following driving 
data pulses) for the driving data pulses. 
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The display device as claimed in claim 14 may be an electronic book, while 
the storage medium for storing information may be a memory stick, integrated circuit, a 
memory like an optical or magnetic disc or other storage device for storing, for exanq>le, the 
content of a book to be displayed on the display unit 
5 Embodiments of a method according to the invention and of a processor 

program product according to the invention correspond with the embodiments of a display 
unit according to the invention. 

The invention is based upon an insight, inter alia, that the driving of an entire 
display panel requires a miTiimn Tn amount of time, which amount of time increases with an 
10 increasing number of rows and columns of the display panel, and is based upon a basic idea, 
inter alia, that for a given frame period which is too short for driving the entire display panel, 

only an active part of the display panel is to be drive n with data sig nals, while an inactive 

part can be driven with reference signals. 

The invention solves the problem, inter alia, of providing a display unit, 
IS which, for a given frame period, can drive a relatively large number of rows and columns, 
and is advantageous, inter alia, in that for a given number of rows and columns, the frame 
period can be made shorter. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments(s) described hereinafter. 

20 

In the drawings: 

Fig. 1 shows (in cross-section) abi-stablepixel; 
Fig. 2 shows diagrammatically a display unit; 
25 Fig. 3 shows a waveform for driving a display unit; 

Fig. 4 shows diagrammatically a display unit according to the invention; 
Fig. S shows waveforms for a group of columns being active and inactive; and 
Fig. .6 shows waveforms for a group of rows being active and inactive. 

30 

The bi-stable pixel 1 1 of the display unit shown in Fig. 1 (in cross-section) 
conqxrises a bottom substrate 2 (like plastic or glass), an electrqphoretic film (laminated on 
base substrate 2) witii an electronic ink which is present between a transparent glue layer 3 
and a transparent common electrode 4. The glue layer 3 is provided with transparent pixel 
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electrodes 5. The electronic ink coiiq)rises multQ>le microc^>sules 7 of about 10 to SO 
mictons in diameter. Each microcapsule 7 conqprises positively charged white particles 8 and 
negatively charged black particles 9 suspended in a fluid 10. When a positive voltage is 
^lied to the pixel electrode 5, the white particles 8 move to the side of the microcapsule 7 
directed to the common electrode 4, and the pixel becomes visible to a viewer. 
Simultaneously, the black particles 9 move to the opposite side of the microcapsule 7 where 
they are hidden from the viewer. By applying a negative voltage to the pixel electrode 5, the 
black particles 9 move to the side of the microcapsule 7 directed to the conmion electrode 4, 
and the pixel appears dark to a viewer (not diown). When the electric voltage is removed, the 
particles 8,9 remain in the acquired state and the display exhibits ahi-stable character and 
consumes substantially no power. In alternative systems, particles may move in an in-plane 
direction, driven by electrodes which may be situated on the same substrate. 

The (electrophoretic) display unit 1 shown in Fig. 2 conoprises a display panel 
80 comprising a matrix of pixels 1 1 at the area of crossings of line or row or selection 
electrodes 41,42,43 and column or data electrodes 3 1,32,33. These pixels 1 1 are all coi?)led 
to a common electrode 4, and each pbcel 11 is coupled to its own pixel electrode 5. The 
display unit 1 fijrfher conqirises selection driving chrcuitty 40 (line or row or selection driver) 
coupled to the row electrode 41,42,43 and data driving circuitry 30 (column or data driver) 
coupled to the column electrodes 31,32,33 and comprises per pixel 1 1 an active switehing 
element 12. The display unit 1 is driven by tiiese active switehing elements 12 (in this 
example (thin-film) transistors). The selection driving circuitry 40 consecutively selects the 
row electrodes 41,42,43, while the data driving circuitry 30 provides data signals to the 
column electrode 3 1,32,33. Preferably, a controller 20 first processes incoming data arriving 
via inpvA 21 and then generates the data signals. Mutual synchronisation between the data 
driving circuitry 30 and the selection driving circuitry 40 takes place via drive lines 23 and 
24. Selection signals from the selection driving cmautiy 40 select the pixel electrodes 5 via 
tiie transistors 12 of which the drain electrodes are electrically coupled to the pixel electrodes 
5 and of which tiie g^te electrodes are electrically coupled to the row electrodes 41,42,43 and 
of which the source electrode are electrically coupled to flie colutmi electrodes 3 1,32,33. A 
data signal present at the column electrode 3 1,32,33 is shnultaneously transferred to the pixel 
electrode 5 of the pixel 1 1 coiipled to the drain electrode of the transistor 12. Instead of 
transistors, other switehing elements can be used, such as diodes, MIMs, ete. The data signals 
and the selection signals together form (parts of) driving signals. 
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IncoxDing data, such as image information receivable via irput 21 is processed 
by controller 20. Thereto, controller 20 detects an arrival of new image infonnation about a 
new image and in r^onse starts the processing of iSbe image information received This 
processing of image information may coniprise Ihe loading of the new image information, the 

5 con^aring of previous images stored in a memory of controller 20 and the new image, tihie 
interaction with teniperatare sensors, Ihe accessing of memories containing look-up tables of 
drive waveforms etc. Finally, controller 20 detects when this processing of the image 
information is ready. 

Then, controller 20 generates the data signals to be siqxplied to data driving 

10 circuitry 30 via drive lines 23 and generates the selection signals to be siqjplied to row driver 
40 via drive lines 24. These data signals comprise data-independent signals which are the 

same for all pixels 11 and dat a -de pendent signals which may or may not vary pe r pb cel 11. 

The data-independent signals comprise shaking data pulses forming the preset data pulses, 
with the data-dependent signals comprising one or more reset data pulses and one or more 

1 5 driving data pulses. These shaking data pulses comprise pulses representing energy which is 
sufficient to release the (electrophoretic) particles 8,9 from a static state at one of the two 
electrodes 5,6, but which is too low to allow the particles 8,9 to reach the other one of the 
electrodes 5,6. Because of the reduced dependency on the history, the optical response to 
identical data will be substantially equal, regardless of the history of the pixels 1 1. So, the 

20 shaking data pulsM reduce flie dependency of the optical response of the display unit on the 
history of the pixels 1 1 . The reset data pulse precedes the driving data pulse to furthra 
improve the optical response, by defining a flexible starting point for the driving data pulse. 
This starting point may be a black or white level, to be selected in dependence on and closest 
to the gray value defined by the following driving data pulse. Alternatively, the reset data 

25 pulse may form part of the data-independent signals and may precede the driving data pulse 
to fiirfher inqjrove the optical response of the display unit, by defining a fixed starting point 
for the driving data pulse. This starting point may be a fixed black or fixed white leveL 

InFig. 3, a waveform representing voltagM acrossapixel 11 asafunctionof 
time t is shown for driving an (electrophoretic) display unit 1. This waveform is genemted 

30 using the data signals supplied via the data driving circuitry 30. The waveform coniprisra 
first shaking data pulses Shi, followed by one or more reset data pulsra R, second shaking 
data puls^ Sh2 and one or more driving data pulses Dr. For example sixteen different 
waveforms are stored in a memory, for example a look-up table memory, forming part of 
and/or coupled to the controller 20. In response to data received via input 21, controller 20 
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selects a waveform for a pixel 1 1, and siqpplies the correspondiag selection signals and data 
signals via Ibe corresponding driving circuitry 30,40 and via fhe corresponding transistors 12 
to Hie corresponding pixels 11. 

A fiame period corresponds with a time-interval used for driving all pixels 1 1 
S in the display unit 1 once (by driving each row one after the other and by driving all columns 
simultaneously once per row). For supplying data-dependent or data-independent signals to 
the pixels 11 during frames, the data driving circuitry 30 is controlled in such a way by the 
controller 20 that all pixels 1 1 in a row receive these data-dependent or data-independent 
signals simultaneously. This is done row by row, with the controller 20 controlling the 

1 0 selection driving circuitry 40 in such a way that the rows are selected one after the other (all 
transistors 12 in the selected row are brought into a conducting state). 

During a first set of frames, the first and second shaking data pulses Shi and 
Sh2 are supplied to the pixels 1 1 , with each sdiaking data pulse having a duration of one fi^me 
period. The startmg shakmg data pulse for example has apositive amplitude, the next one a 

1 S negative amplitude, and the next one a positive amplitude etc. Therefore, these alternating 
shakmg data pulses do not change the gray value displayed by the pbcel 1 1 , as long as the 
fiame period is relatively short. 

During a second set of frames compiising one or more frames periods, a 
combination of reset data pulses R is supplied, frirther to be discussed below. During a third 

20 set of frames comprising one or more flumes periods, a combination of driving data pulses Dr 
is supplied, with the combination of driving data pulses Dr either having a duration of zero 
fiume i>eriods and in &ct being a pulse having a zero amplitude or having a duration of one, 
two to for example fifieen fi:ame periods. Thereby, a driving data pulse Dr having a duration 
of zero frame periods for example corresponds with the pbcel 1 1 displaying fiill black (in case 

25 the pixel 1 1 already disfplayed fiiU black; in case of displaying a certain gray value, this gray 
value remains unchanged when being driven with a driving data pulse having a duration of 
zero fi:ame periods, in other words when being driven with a data pulse having a zero 
anoplitade). The combination of driving data pulses Dr having a duration of fifteen frame 
periods comprises fifteen subsequent pulses and for example corresponds with the pixel 1 1 

30 displaying fiiU white, and the combination of driving data pulses Dr having a duration of one 
to fourteen fi:ame periods comprises one to fourteen subsequent data pulses and for example 
corr^ponds with the pixel 1 1 displaying one of a limited immber of gmy values between ftjU 
black and full white. 
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The reset data pulses R precede the driving data pvdses Dr to further improve 
the optical response of the display unit 1, by defining a fixed starting point (fixed black or 
fixed white) for tiie driving data pulses Dr. Alternatively, reset data pulses R precede Hie 
driving data pulses Dr to fiirther improve the optical response of the display unit, by defining 
S a flexible starting point (black or white, to be selected in dependence of and closest to Ifae 
gray value to be defined by the following driving data pulses) for the driving data pulses Dr. 

Each fi'ame period requires the sequential selecting of each row and providing 
the data pulses for each pixel in a selected row. For a given fi:ame period, Ihe number of rows 
and columns is limited, due to the amount of time required to perform the driving actions. 

10 These actions for examtple comprise the clocking of the data pulses into the data driving 

circuitry 30, the reading out of these data pulses, the supply of these data pulses to the pixels 

1 1., the charging of the pixels 1 1 with the se data puls es, and the se quential select ions o f rows 

by the selection driving circuitry 40. The amount of time required for the clocking actions 
increases with the number of colunms, and the amount of time required for the selection 

IS actions increases with the number of rows, and therefore, for the given fiame period, the 
number of rows/columns is limited. To ina:ease the number of rows and columns of tiie 
display unit 1 for a given fi^me period, according to the invention the display panel 80 is 
divided into parts comprising pieces, as shown in Fig. 4. 

The display unit 1 according to the invention shown in Fig. 4 comprises the 

20 controller 20 coupled via the drive lines 23 to the data driving circuitty 30 and via the drive 
lines 24 to the selection driving circuitry 40 as already described for Fig. 2. In addition, the 
display panel 90 comprises mtdtiplexing circuitiy 50 coupled to the data driving circuitry 30 
via lines 25. The selection driving circuitry 40 comprises shift register circuitry 60. The 
display panel 90 is divided into nine pieces A-I. Alternatively, the selection driving circuitry 

25 40 comprising shift register circuitry 60 may be located outside the display panel 90. 

By dividing the display panel 90 into an active part conqxrising for example 
one or tiiree of the pieces A-I and one or more inactive parts comprising for example the 
others of the pieces A-I, and by providing data signals to only those pixels 11 located in the 
active i>art, most of an amount of time available in a frame period is used for tiie active part 

30 A relatively small amount of Ibe time available in a ftame period is used for simultaneously 
supplying reference signals to tiiose pixels 1 1 located outside fixe active part. The data signals 
coniprise infcxcmation to be written into the pixels 11 in the active part The reference signals 
are siqyplied to the pixels 1 1 in tiie inactive part to ensure that the information is retained 
which has been written into these pbcels 1 1 before (at a moment in time at which these pixels 
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11 were still in fhe active part). As aiesul^ the active part is now limited in number of rows 
and columns wilfain a given firame period, and the display panel 90 as a whole can drive a 
larger nimiber of rows and columns. In case of tiie display panel 90 being divided into two 
(Ifaree, four ect) parts, the display panel 90 can have about twice (Ihrice, four times etc.) as 
S many rows and columns. 

Respective parts are made active during respective fiame periods: In a first 
frame, a first part is an active part and a second part is an inactive part, and, in a second 
fi:ame, the second part is an active part and the first part is an inactive part In this case, in 
each fi-ame, the pixels 11 in the active part are driven with tiie data signals, and the other 

10 pixels 11 in the inactive part are driven witii the reference signals. The reference signals have 
a voltage anipUtude situated somewhere in the middle hetwem extreme voltage an^litudes of 
the data signals. The data signals for example have extreme voltage values of +15 Volt and - 
IS Voh, with the reference signals fbr example having a voltage amplitude of 0 Volt or a few 
Volts equal to a voltage anoplitude of the common electrode. Alternatively, the reference 

1 5 signals may have a voltage amplitude of a few Volts added to or subtracted from the voltage 
amplitude of the common electrode. The voltage amplitude of the reference signals must be 
such that the information written into the pixels before is not changed by the reference 
signals. 

An activey^nactive part may, for example, con^rise a group of columns ADG, 
20 BEH, CFI. Because of the data pulses being clocked sequentially into the data driving 

circuitry 30 per, for example, one, two or four columns simultaneously, this clocking requires 
a relatively large amount of time, which noiakes the dividing of the display panel 90 into 
groups of columns ADO, BEH, CFI advantageous. The mult^lexing circuitry SO fer 
coupling Ihe data driving circuitry 30 to the switching elements 12 in the active part ADG of 
25 the display panel 90 during a particular ftame period and for supplying reference signals to 
switehing elements in the inactive part BEH + CFI of the display panel 90, like, for exanrple, 
a multiplexer, coiqples a first number (for example one hundred) of ou^uts of the data driving 
circuitry 30 to a second number of intercoimections (for example three hundred) of the 
display panel 90. The second number (three hundred) of interconnections of the display panel 
30 90 comprises a first number (one hundred) of interconnections for receiving the data signals 
fix>m the first number (one hundred) of outputs of the data driviDg circuitry 30, and all other 
interconnections (two hundred) receive the reference signals. This second number (three 
himdred) of interconnections is for exanrple equal to the number of columns, which can now 
be much larger than the first number (one hundred). As a result, the data driving circuitry 30 
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no longer needs to have a number of ou^uts equal to the number of columns, but can be 
made smaller advantageously. By integrating the multiplexing circuitry SO into the display 
panel 90, tiie number of comiections between tixe display panel 90 and the rest of tiie display 
unit 1 is reduced. 

5 An active/inactive part may for exan^le conqdrise a gcoup of rows ABC, DEF, 

GHI. Because of the selection driving circuitry 40 selecting tiie rows sequentially, with the 
driving of each row requiring the sequential clocking of the data pulses into the data driving 
circuitry per for example one, two or four columns simultaneously, the driving of a single 
row requires a relatively large amount of time, which makes the dividing of the display panel 

10 90 into groups of rows ABC, DEF, GHI advantageous. The selection driving circuitry 40 

comprises shift register circuitry 60 like for example a shift register to advantageously select 

sequentially first grou ps of switching elements 12 located in the acti ve part ABC of t he 

display panel 90 for supplying during a particular frame period the data signals to the pixels 
1 1 in this active part ABC and to select subsequentiy a second group of switching elements 

IS located in the inactive part DEF + GHI of the display panel 90 for supplying during the 
particular firame period the reference signals to tiie pixels in this inactive part DEF + GHI 
simultaneously. Usually, the second group will be larger than the first group. Each first group 
of switching elemmts 12 may be a row in the active part ABC of tiie display panel 90, with 
the second group of switching elements 12 coniprising all other rows of fhe display panel 90 

20 to be selected by the shift register circuitry 60 simultaneously. By integrating the shift 

register circuitry 60 into the display panel 90, the number of connections between the display 
panel 90 and the rest of the display unit 1 is reduced. 

The waveforms shown in Fig. 5 for an active/inactive part comprising a group 
of columns ADG, BHEI, CFI comprise voltages Vrow4 (upper gr^h), Vcoi-j (middle graph) and 

25 Vp5x-i.j (lower graph) as ftmctions of time t. YtowA represents the voltage si^plied to the gates 
of the switohing elements 12 in an i^ row via an i* selection electrode. Vcoi-j represents the 
voltage supplied to tiie sources of the switching elements 12 in an column via an data 
. electrode. V^a-j represents the voltage across the pixel 1 1 at the crosspoint of the row and 
the column. In this example, the voltage at the common electrode 4 is at zero Volt. In a 

30 first fiame period Tf starting with Vrow-i being -25 Volt for the first time, a first group of 
columns comprising the column is active, and the oHxer groups of columns are inactive. 
During Vnw-i being -25 Volt in the first frame period, Vcoi^j is +1 5 Volt, and as a result, Vpjt-i-j 
is about +1 5 Volt for the first fi:ame substantially. As can be derived fix)m Fig, 5, for a row 2, 
VcoH is +15 Volt, for a row 3, Vo^-j is +15 Volt, for a row 4, Vcd-j is -15 Volt, eto. In a second 
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fiame period Tf starting with Vnw-i being -25 Volt for flie second time, a second group of 
columns is active, and the other groups of columns comimsing the column are inactive. 
While Vrow-i is -25 Volt in the second frame period, Vcoi-j is 0 Volt, and as a resull; Vpu-n 
becomes about 0 Volt and rraoiains at Ibis level for the second fiame period. 
5 So, in the first frame, row for row sequentially, the multiplexing circuitry 50 

couples the data driving circuitry 30 simultaneously to the data electrodes in the active group 
of columns for simultaneously providing the data signals to the pixels 1 1 in Ibis active group 
of columns, and, at the same time, the multiplexing circuitry 50 supplies the reference signals 
(for exan^le all equal to 0 Volt) simultaneously to the data electrodes in Ibe inactive group(s) 

10 of columns. Thereto, the multiplexing circuitry 50, for example, comprises a multiplexer 
having a first number of inputs coupled to the first number of inputs of the data driving 
circuitry 30 and a larger second number of outputs. During a respective fiame, a first number 
of outputs of the multiplexing circuitry 50 is coupled to the first number of intercomiections 
of the display panel 90 and all other outputs are coiq>led to a reference temiinal. 

15 The waveforms shown in Fig. 6 for an active/inactive part comprising a gcoup 

of rows ABC, DEF, GHI conspnse Vrow-i 

(upper graph), Vcoh (middle graph) and Vpix^-j 
(lower graph). Vrow-i represente Ibe voltage supplied to the gates of the switching elements 12 
in an i**^ row via an i* selection electrode. Vcoi-j repr^CTits the voltage supplied to the sources 
of the switching elements 12 in an column via an data electrode. Vpix-n represents the ' 

20 voltage across the pixel 1 1 at the crosspoint of the i^ row and the column. In this exsanple 
the voltage at the conmion electrode 4 is again at zero Volt In a first fimne period Tf starting 
with Vfow-i being -25 Volt for the first time, a first group of rows comprising the 1* row is 
active, and the other groups of rows are inactive. During Vrow-i being -25 Volt in the first 
fiame period, Vcd-j is +15 Volt, and as a result, V^A-i is about +15 Volt for the first fiame 

25 period substantially. As can be derived from Fig. 6, for a row 2, Vcd^ is +1 5 Volt, for a row 
3, Vcoi-j is +15 Volt, for a row 4, Vcd-j is -15 Volt, etc., with rows 2,3,4 etc. all forming part of 
the first group of rows. In a second frame period Tf starting with Vxow-i being -25 Volt for Hxe 
second time, a second group of rows is active, and the other groups of rows coii:qirising the 
1 * row are inactive. While Vrow^ is -25 Volt in the second fiame period, Vcoi-j is 0 Volt, and 

30 as a result, Vpix-i^* becomes about 0 Volt and remains at this level during the second frame 
period 

So, in the first firame, in tbe active group of rows, row for row sequentially, the 
shift register circuitry 60 selects first groups of switching elements 12, with each first group 
of switching elements 12 forming part of one of the active rows, for simultaneously 
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providing the data signals to fhe pixels 11 in this active row, and, in the inactive group(s) of 
rows, for all inactive rows simultaneously, the shift; register circuitry 60 selects a second 
groiQ) of switching elements 12, which second group of switching elements 12 forms part of 
all these inactive rows, for simultaneously providing the reference signals (for exanople all 
5 equal to 0 Volt) to the pixels 11 in aU these inactive rows. Thereto, the shift register circuitry 
60 for example coniprises a shift register for shifting a value from a first output of a first 
number (for example one hundred) of outputs to a last output of this first number (one 
hundred) of outputs and for sequentially shifting this value to all other outputs of a second 
number (for eicainple two hundred) of outputs simultaneously (with the display panel 90 in 

10 this example comprising three hunderd rows). 

Controller 20 comprises and/or is coupled to a memory (not shown) like, for 

exam ple, a look-up table memory for sto ring info r mation about the waveforms and about t he 

active/inactive parts of the display panel 90. The groups of active/inactive columns and the 
groups of active/inactive rows may be combined advantageously. A group of columns/rows 

IS may comprise nei^bouring columns/rows and/or may comprise non-neighbouring 

columns/rows. The invention is not limited to electrpphoretic display panels but can be used 
for any display panel based on bi-stable pixels. Generally, the (column) multiplexing 
circuitry SO can be integrated into the data driving circuitry 30 (cost reduction), can be 
located between the data driving circuitry 30 and the display panel, and can be integrated on 

20 the front or the back of the display panel (reduced number of connections, more reliability). 
The shift register circuitry 60 can be integrated into the selection driving circuitry 40 (cost 
reduction), can be located between the selection driving circuitry 40 and the display panel, 
and can be integrated on tiie front or the back of the display panel (reduced number of 
connections, more reliability). Any possible (row) multiplexing circuitry can be integrated 

2S into the selection driving circuitry 40 (cost reduction), can be located between the selection 
driving circuitry 40 and the display panel, and can be integrated on the front or the back of 
the display panel (reduced number of coimections, more reliability). 

A drive unit. 20, 30, 40, SO, 60 may conqirise the above-mentioned circuitry, 
like the controller 20, the data driving ckcuitry 30, the selection driving circuitry 40, the 

30 mult^lexing circuitry SO, and the shift register circuitry 60. Altematevely, the described 
functionality of the circuitry in the drive unit 20, 30, 40, SO, 60 may be distributed in a 
different way over the various mentioned circuitry or some of the functionality may be 
combined in a different way into one or more of the mentioned circuitry. 
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It should be noted that liie above-mentioned embodiments illustrate rather than 
linut the invention, and that those sldUed in the art will be able to design many alternative 
embodiments without departmg fiom the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be constraed as lintiiting the claim. Use 
5 of the verb "to comprise" and its conjugations does not exclude the presence of elements or 
steps other than those stated in a claim. The article "a" or "an" preceding an element does not 
exclude the presence of a plurality of such elements. The invention may be implemented by 
means of hardware comprising several distinct elements, and by means of a suitably 
programmed computer. In the device claim enumerating several means, se^veral of these 
10 means may be embodied by one and the same item of hardware. The mere &ct that certain 
measures are recited in mutually different dependent claims does not indicate that a 
combination of these measures cannot be used to advantage. 



PHNL031176EPP 



18 29.09.2003 

CLAIMS: 



1 . A display unit (1) comprising: 

- a display panel (90) conqnising bi-stable pixels (1 1); and 

- a drive unit (20,30,40,50,60) for providing during a frame period data signals to pixels (1 1) 
in an active part of the display panel (90) and for providing reference signals to pixels (1 1 ) in 

S an inactive part of the display panel (90). 

2. A display unit (1) as claimed in claim 1, wherein, in a first frame, a first part is 
an active part and a second part is an inactive part, and, in a second fi:ame, the second part is 
an active part and the first part is an inactive part. 

10 

3. A display unit (1) as claimed in claim 1, wherein the reference signals have a 
voltage level situated between extreme voltage amplitudes of the data signals. 

4. A disfplay unit (1) as claimed in claim 1, wherein a part comprises a group of 
IS columns. :r 

5. A display unit (1) as claimed in claim 4, the drive unit (20,30,40,50,60) 
comprising 

- data driving circuitry (30) for supplying the data signals to liie pixels (1 1); and 

20 - multiplexing circuitry (50) for coupling the data driving circuitry (30) via switching 

elements (12) to the pixels (1 1) in the active part of the display panel (90) and for suppl3dng 
reference signals via switching elements (12) to the pixels (1 1) in the inactive part of the 
display panel (90). 

25 6. A display unit (1) as claimed in claim 5, wherein the multiplexing circuitry 

(50) is located on the display panel (90). 

7. A display unit (1) as claimed in claim 1, wherein a part conoprises a groiq) of 

rows. 
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8. A disfplay unit (1) as claimed in claim 7, the drive unit (20,30,40,50,60) 

comprising selection driving circuitry (40) for selecting switohing elements (12) coiq>led to 
theiMxels(ll), 

5 the selection driving circuitxy (40) conqprising shift register circuitry (60) for sequentiaUy 
selecting groups of switching elements (12), wherein first groins of switching elements (12) 
are located in the active part of the display panel (90) and a second group of switohing 
elements (12) is located in the inactive part of tiie display panel (90). 

10 9. A display unit (1) as claimed in claim 8, wherein the first groiq)S of switching 

elements (12) are rows in the active part of the display panel (90); and the second group of 

switching elements (12) co mprise s all other rows of tiie displ ay panel (90) t o be s elect ed by 

the shift register circuitry (60) simultaneously. 

15 10. A display unit (1) as claimed in claim 8, wherein the shift register circuitry 

(60) is located on the display panel (90). 

11. A disfplay unit (1) as claimed in claim 7, the drive unit (20,30,40,50,60) 
comprising 

20 - selection driving circuitry (40); and 

- multiplexing circuitry for coupling the selection driving circuitry (40) to switching elements 
(12) for sequentially selecting groups of switching elements (12), wherein ^rst grotqps of 
switching elements (12) are located in the active part of the display panel (90) and a second 
group of switching elements (12) is located in the inactive part of the display panel (90). 

25 

12. A display unit (1) as claimed in claim 1 1, wherein the multiplexing circuitry is 
located on the display panel (90). 

13. A display unit (1) as claimed in claim 1, the drive unit (20,30,40,50) 
30 conq[irising a controller (20) which is ad^ted to provide: 

- shaking data pulses (Shi,Sh2); 

- one or more reset data pulses (R); and 

- one or more driving data pulses (Dr); 
to the pixels (11). 
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14. A display device coiBpiising a display imit (1) as claimed in claim 1 ; and a 
storage medium fen- storing information to be disfplayed. 

15, A method for driving a display xmit (1) which comprises a display panel (90) 
comprising bi-stable pixels (1 1), which method comprises the step of: 

- providing during a ftame p^od data signals to pixels (1 1) in an active part of tiie display 
panel (90) and providmg reference signals to pixels (1 1) in an inactive part of the display 
panel (90). 
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ABSTRACT: 



Display units (1) comprise display panels (90) which aie divided into active 
parts and inactive parts. The driving of an entire display panel (90) requires a tninftmnri 
amount of time, which amount of time increases with an increasing number of rows and 
columns. By providing data signals to the pixels (1 1) located in active parts, and by 
S supplying reference signals simultaneously to pixels (11) located outside the active parts, 
most of an amount of time available in a frame period is used for the active part, and, for a 
given firame period, the number of rows and columns of the display panel (90) can be 
increased. Respective parts are made active during respective fiame p^ods. A part may 
comprise a group of columns (ADG, BEH,CFI) and/or a group of rows (ABC,DEF,GHI). 
10 The display panel (90) may comprise multiplexing circuitry (50) and/or shift register circuitry 
(60) to reduce the number of connections between the display panel (90) and the rest of the 
display unit (1). 

Fig-4 
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